When the algorithm is extended for viewing zenith angle up to 45°, the performance is 13 comparable to that for nadir-view results.
Introduction 18
Broadband outgoing longwave radiation (OLR) obtained by Earth's Radiation Energy Balance 19 (ERBE; Barkstrom 1984) and Clouds and the Earth's Radiant Energy System (CERES; Wielicki et 20 al., 1996) has been extensively used in climate studies for three decades. The physical quantity 21 directly measured by the ERBE or CERES instruments is actually a convolution between 22 broadband upwelling radiance at a given viewing zenith angle and the spectral response 23 function (SRF) of the broadband radiometer on the EREB or CERES. Then the broadband 24 upwelling radiance is inferred through deconvolution of the measurement and, consequently, it 25 is converted to broadband flux (e.g. Loeb et al., 2005; Kato and Loeb, 2005) . In order to reliably 26 derive the broadband flux, a variety of auxiliary information needs to be used to define the 27 scene type for each instrument footprint. Such auxiliary information includes, but is not limited 28 to, surface temperature, lapse rate, precipitable water, and cloud macroscopic properties (e.g. 29 cloud fraction, cloud emissivity). For the case of CERES, such auxiliary information is obtained 30 from other satellite measurements such as MODIS and SSM/I as well as operational analysis 31 (Loeb et al., 2005) . 32 The integrand of broadband OLR, the spectral flux, is not available from the broadband flux 33 measurements such as ERBE or CERES because of the nature of broadband radiometer in these 34 measurements. However, the spectral flux can provide critically valuable information for the 35 climate model diagnostics. Especially, comparing modeled and observed spectral flux can 36 expose compensating biases in the simulated radiation budget by the climate model that 37 otherwise cannot be exposed from broadband flux diagnostics alone (Huang et al., 2006; Huang 38 Atmos. Meas. Tech. Discuss., doi:10.5194/amt-2016 -268, 2016 Manuscript under review for journal Atmos. Meas. Tech. Published: 7 September 2016 c Author(s) 2016. CC-BY 3.0 License. Huang et al., 2014) . Similarly, spectral cloud radiative forcing can also help expose 39 compensating biases from different bands (Huang et al., 2013; Huang et al., 2014) . 40 Currently there are several operational hyperspectral sounders in space that measure series of studies published in recent years (Huang et al., 2008 (Huang et al., , 2010 Chen et al., 2013) 46 have established algorithms to estimate observation-based spectral flux from the AIRS 47 radiances using the scene type information from collocated CERES footprints. Specifically, 48 spectral angular distribution models (ADMs) for each AIRS channel have been constructed for 49 the scene types defined for the CERES SSF (Single Satellite Footprint) data set and then applied 50 to AIRS radiances to derive spectral flux at each AIRS channel. The spectral ADMs are trained 51 from synthetic AIRS radiances and the meteorological fields from the ECMWF ERA-Interim 52 reanalysis (Dee et al., 2011) variations (Huang et al., 2008 (Huang et al., , 2010 Chen et al., 2013) . Susskind et al. (2012) , which fed temperature and humidity fields from AIRS Level-2 retrievals 78 (defined for 3-by-3 AIRS footprints) or even Level-3 monthly gridded data set into a radiative 79 transfer model to compute the clear-sky OLR. Huang et al. (2008 Huang et al. ( , 2010 Huang et al. ( , 2014 The data sets and forward model used in this study are identical to those used in (Huang 93 et al., 2008; Chen et al., 2013 the footprint level is the same as described in Huang et al. (2008) . The CERES SSF algorithm 104 employs a MODIS-imagery based algorithm to detect clear-sky footprint (Geier et al., 2003 delta temperature NEDT being 0.51 K over this band) (Anderson et al., 2007) . AIRS radiances are 122 generated by convoluting MODTRAN output and tabulated spectral response functions of AIRS 123 channels (Strow et al., 2006) . The TOA spectral fluxes are computed using a three-point 124 Gaussian quadrature (Clough and Iacono, 1995) . widely used for this purpose (e.g. Ackerman and Strabala, 1994) . The overall accuracy rate refers to the percentage of cases in which our algorithm can correctly 182 classify the footprints. It can be seen that, although using three tests together increases the 183 rate of false negative, such an approach is also effective in reducing the false positive rate.
184
Given that the number of cloudy-sky observations is ~9-10 times more than that of clear-sky 185 observations, using three tests together can achieve a better accuracy than using one of the 186 tests alone. As far as the FN and FP rates are concerned, this algorithm is comparable to other 187 clear-sky detection algorithms that are based on IR spectral radiances alone (e.g. the CERES SSF data set, as shown in Figure 5a and 5b in Chen et al. (2013) . (Figure 3c ) and the nighttime 254 mean difference is 0.14 Wm -2 with a standard deviation of 1.85 Wm -2 (Figure 3d ). These 255 statistics are comparable to those in Huang et al. (2008) and Chen et al. (2013 for the cases shown in Figure 5a and 5b is 288. The performance with respect to different VZAs here is consistent with previous results
295
in Huang et al. (2008) and Chen et al. (2013) , two studies that rely on the sub-scene type While the algorithm presented in this study is only for clear-sky spectra, it is conceivable 336 that this algorithm can be evolved for estimating spectral fluxes from cloudy-sky hyperspectral 337 observations as well. In the case of cloudy-sky spectra, the cloud parameters, especially cloud 338 fraction and cloud top height, will need to be considered in the definition of sub-scene types. percentile and corresponds to the value of C1 shown in Table 1 . percentile and corresponds to the value of C1 shown in Table 1 . of sub-scene type is defined in Table 3 . The spectral flux is for every 10 cm -1 interval from 10 cm -529
